Objectives. To assess the effect of Red Bull © on (1) blood glucose and catecholamine levels, (2) cardiovascular and respiratory function changes before, during, and after exercise, (3) reaction time, (4) cognitive functions, and (5) response to mental stress test and emotions in young healthy individuals ( = 38). Methods. Heart rate (HR) and arterial blood pressure (ABP), blood glucose, adrenaline, and noradrenalin plasma levels were measured before and after Red Bull © intake. Participants were subjected to 4 different study protocols by randomized order, before and 30 minutes after consumption of 500 mL of Red Bull © . Results. Mean ABP and HR were significantly increased at rest after Red Bull © intake. Blood glucose level and plasma catecholamine levels significantly increased after Red Bull © consumption. Heart rate, respiration rate, and respiratory flow rate were significantly increased during exercise after Red Bull © consumption compared to control condition. Intake of Red Bull © significantly improved reaction time, performance in immediate memory test, verbal fluency, and subject's attention as well as performance in mental stress test. Conclusion. This study demonstrated that Red Bull © has beneficial effect on some cognitive functions and effect on cardiovascular and respiratory system at rest and during exercise by increasing activity of the sympathetic nervous system.
Methods

Study Population.
Thirty-eight young healthy medical students were recruited for the study by advertisement at the Faculty of Medicine Josip Juraj Strossmayer, University of Osijek. All volunteers were self-described as healthy, with no history of cardiovascular, urinary, digestive, or metabolic diseases. All subjects were familiar with Red Bull © and most of them had previously consumed this energy drink. Written informed consent was obtained from each subject. The study protocol and procedures conformed to the standards set by the latest revision of the Declaration of Helsinki and were approved by the Ethical Committee of Faculty of Medicine, University of Osijek.
Study Protocol.
All subjects were instructed not to consume alcohol or energy drinks 7 days prior testing. They all were fasting 12 h prior to the onset of the experiment. Subject height and weight were measured to determine body mass index (BMI), as well as the extent of hips and waist to determine waist-to-hip ratio (WHR). BP and HR were measured at the beginning of the experiment after 15 minutes rest in seated position. Semiautomatic oscillometric monitor (OMRON) was used. Final values of BP and HR were mean of three repeated measurements. Intravenous cannula was inserted into a vein and a venous blood sample was taken after 30-min resting in supine position. A separate group of 9 participants stay resting in supine position during whole study visit and blood samples for plasma catecholamine levels were taken after 30 minutes resting in supine position (before Red Bull © consumption) and 15, 30, 45 , and 60 minutes after 500 mL of Red Bull © consumption. This was necessary due to great variability in catecholamine levels when person in moving and results of the measurements would be inconclusive for the observed effects. Prior to Red Bull © consumption, other 29 participant were assigned to 4 different study protocols (described below) by randomized order. After control protocol subjects were instructed to drink 500 mL of Red Bull © and after 30 minutes of resting in supine position, all tests, including BP, HR, blood tests, and each of 4 study protocols were repeated by randomized order.
Protocol 1: Influence of Red Bull © Consumption on Cardiac and Respiratory Changes during Moderate Exercise. The Harvard
Step Test (HST) was used to detect cardiac and respiratory changes during moderate exercise. The HST is performed in a manner that the subject steps up and down into the default beat for three minutes on the 45 centimeters high step bench. Male participants had stepped on the bench 24 times in one minute (24/per min), while female participants had stepped on the bench 22 times in one minute (22/per min). For determining the rate, metronome was used and was set at 96 beats per minute for male subjects and 88 beats per minute for female subjects. Each tick marked a movement with subject's leg. At the START signal participant stepped up, first with one foot on the bench, and then another, and after stretching legs and straightening back immediately stepped down, gliding with leg which first stepped up. Stepping up and down always started with the same leg (with maximum two changes during the test). In one hand subject held air flow transducer and temperature sensor was attached to his other hand. The physiological functions of the subject were measured during seven minutes, first minute at rest, next three minutes during stepping up and down, and last three minutes at rest after exercise.
Three parameters were measured during this study protocol: HR, air flow, and skin temperature (ST). These parameters were assessed with three electrodes attached to subject's chest, air flow transducer into which subject breathed with clamp on his nose and skin temperature sensor mounted on his finger which were all connected to BIOPAC device (BIOPAC Systems Inc., Goleta, CA, USA). For data processing BIOPAC software was used (BIOPAC Systems Inc., Goleta, CA, USA). All measurements were performed by a single trained operator.
Protocol 2: Influence of Red Bull
© Consumption on Reaction Time. Reaction time (RT) was measured by BIOPAC device and software (BIOPAC Systems Inc., Goleta, CA, USA). Measurement was performed in quiet room. Subject was sitting eyes closed with headphones and with pushbutton device in his hand which he pressed on sound signal. The first part of the test consisted of series of ten beeps that occurred in randomized time intervals, and second part in which beeps occurred in fixed time intervals. Both tests lasted for one minute, with one minute pause between tests.
Protocol 3: Influence of Red Bull
© Consumption on Cognitive Functions. All cognitive tasks were assessed by randomized order in quiet room by a single trained operator. For cognitive function assessment following tests were used.
Auditory Verbal Learning Test (AVLT).
To examine global cognitive functions, the alternate form of Rey's Auditory Verbal Learning Test (AVLT) published by Lezak in 1995 was utilized [21] . This cognitive task has been shown to reflect not only specific verbal learning and memory, but also global cognitive functions [22] [23] [24] . Two lists (A and B) of 15 words were used, for repeated tests parallel lists of words were available. Five presentations of the list A were given, each followed by attempted recall. The first trial of the AVLT is a measure of immediate memory. After five trials a second 15-word list (list B, distraction list) was read and followed by a recall trial of this list and then another recall trial of the list A (measure of delayed recall). After a delay interval of 30 minutes and no further presentations of the lists, delayed verbal memory was assessed by recall trial of the list A.
Fluency Tasks. Each participant underwent three types of verbal fluency tests: phonemic, semantic, and ideational [21] . Each test consisted of trials (90 second duration) directing participants to generate as many words as possible (a) that began with a particular letter ("F, " "A, " or "S") excluding proper names and variations of the same word, (b) that were exemplars of an unprimed semantic category (e.g., animals), or (c) that were exemplars of an unprimed ideational category (e.g., metal objects). The final score was given as number of correct words generated during first 60 seconds.
Auditory Digit Span Task (ADST).
The digit span task is one of Wechsler's group of intelligence tests used to access the immediate and working memory function [25, 26] . A list of random numbers was used and read out loud at the rate of one per second. The participants were asked to repeat an increasing array of numbers in backwards (working memory) or forward order (immediate memory) until they committed an error.
d2 Attention Loading Test. This test was constructed by German psychologist Rolf Brickenkamp in 1962. We have used an updated and revised form published in 1994. The d2 attention loading test is one of the general competence tests that have been used for measuring attention and ability to concentrate, sustained attention. In the present study, an official form of the attention loading test was used (Copyright by Hogrefe, Verlag GmbH & Co., KG Göttingen, 1994). It is a timed test composed of the letters "d" and "p" with one, two, three, or four dashes arranged either individually and/or in pairs above and below the letter. There are 14 lines of 47 characters each. Subjects are given 20 seconds to scan each line and cross all the "d" marked with two dashes. The test analysis appoints quality and quantity of processed data, in general and during the time of the test. Several variables were used for the test analysis, as follows: TN: total number of processed data, E: total errors (OE: omitted errors + RE: replacing errors), TN-E: quantitative measure defined by total number of processed data minus number of total errors, MC: mean concentration, qualitative measure calculated as number of correctly processed data reduced for number of omitted errors. MC is a variable that protects from possible cheating on the test (random data processing cannot increase MC).
Protocol 4: Influence of Red Bull © Consumption on Emotional Status and Mental Stress Response
Mental Stress Test. Mental stress test (MST) was used to provoke subject's emotional response. Stressor was 2-minute long arithmetic test in form of, at first sight, simple arithmetic operation (e.g., 345 -193 = 152). Subject's task was to answer is the operation correct or incorrect with time limit of 3 seconds for each task. If subject did not offer answer, it was recorded as incorrect. After each answer, subject got feedback information if the answer was correct or not by different sound signals. In 2 minutes subject got 40 different arithmetic tasks, and after the test got information of his success. With 100% correct answers subject got 400 points. To pass the test it was necessary to respond correctly on 80% of the tasks and get 320 points. Subject was informed about his success on the test. After MST participants were subjected to Aggression Questionnaire and Beck Anxiety Scale. . The subject's answers were given on a fivepoint scale: (1) they never behave in that way, (2) they behave seldom in that way, (3) they behave in that way from time to time, (4) they behave frequently in that way, and (5) they behave very often in that way. Total test score may lie in the range between 75 and 375 points. Research has shown that the A-87 has satisfactory psychometric properties [27] [28] [29] .
Beck Anxiety Scale.
The Beck Anxiety Inventory (BAI), created by Dr. Aaron T. Beck and other colleagues, is a 21-question multiple-choice self-report inventory that is used for measuring the severity of an individual's anxiety. The BAI consists of twenty-one questions about how the subject has been feeling in the last week, expressed as common symptoms of anxiety (such as numbness, hot and cold sweats, or feelings of dread). Each question has the same set of four possible answer choices, which are arranged in columns and are answered by marking the appropriate one with a cross. These are (1) not at all, (2) mildly: it did not bother me much, (3) moderately: it was very unpleasant, but I could stand it, (4) severely: I could barely stand it. In our study the version of this test with 14-question multiple-choice selfreport inventory was used [30, 31] .
Laboratory
Testing. Blood samples were analyzed for blood glucose levels and plasma catecholamine levels at the Department of Clinical Laboratory Diagnostics, University Hospital Center Osijek. Adrenaline and noradrenalin levels were evaluated by using commercially available reagent kit (Catecholamines in plasma, Chromsystems, Germany) which allows the routine analysis of adrenaline and noradrenalin in plasma using an isocratic high-performance liquid chromatography (HPLC) system (Shimadzu, Japan) and an electrochemical detector (ECD, Chromsystems, Germany). 
Statistical
Results
Thirty-eight young healthy college students with a mean age of 23 ± 2 years completed the study (15 female and 23 male participants). BMI of 23.95 ± 3.03 kg/m 2 and WHR of 0.79 ± 0.05 were measured. Mean of three BP measurements confirmed normotension before Red Bull © consumption among participants. Table 1 summarizes the values of arterial BP and HR of study population. Systolic blood pressure (SBP) was not significantly changed after Red Bull © intake. However, diastolic blood pressure (DBP) was significantly increased after Red Bull © consumption, compared to control measurement. Mean arterial pressure (MAP) was significantly 
